ABSTRACT
Introduction
The basic assumption of the Lambda Cold Dark Matter (ΛCDM) cosmological model is that the universe is expanding, according to the Hubble's law [1] , at a velocity of v = zc = H 0 D C , where z is the redshift (RS), c is the velocity of light, H 0 is the Hubble constant, and D C is the co-moving radial distance that can be derived from the observable z/μ data by (1) 
( ) 
An important test of confidence in modeling the universal expansion is to compare the observed z/μ data with those derived on the basis of the ΛCDM model. The results presented in the literature, however, are not undisputed and are still a matter of debate. LaViolette [2] and more recently, López-Corredoira [3] , Crawford [4] , and Marosi [5] [6] [7] have shown that the static or slowly expanding universe models fit the observational data better than the data calculated on the basis of the presently prevailing ΛCDM model.
Such results, however, are usually refuted with the argument that the static universe contradicts many other cosmological observations, for example, the time dilation test and the cosmic microwave background (CMB) temperature versus RS test [8] .
It is not the aim of this paper to argue in favor of or against either the expanding or static cosmological models. We only want to examine which of the two relations: the linear Hubble's law or the exponential We mean that the result of a proper data fitting procedure of reliable observational data cannot be ignored out of respect to the predictions of a theory. If facts contradict the theoretical expectations, then the only scientifically adequate answer can be that the underlying theory is at best, incomplete.
In this paper, we analyze the observed Hubble diagram compiled from 280 supernovae z/μ data in the range of z = 0.0104 to 8.1. We expect that in the high RS range, it should be possible to check more precisely whether the relation; an effect that is perceptible only slightly in the z < 1 region.
Data Collection and Processing
In our analysis, we have included 171 gold-set data [9] , 59 calibrated high-RS gamma-ray burst (GRB) data (Hymnium data set) and 50 low-RS GRBs obtained by Wei [10] from the 557 Union 2-compilation.
As the z/μ data are plagued by considerable scatter, similar to the procedure described in [5] , the potential μ = a × z b function was used to perform a global fitting over the RS range of z = 0.0104 to 8.1.
As differences between the different cosmological models become more pronounced only in the linear t S /z data representation, using Equations (2)- (4), the potential best fit data were converted into a t S /z data set.
The photon flight time t S was calculated from ( ) 
In Equations (2) and (3), t S means the flight time of the photons from the co-moving radial distance D C to the observer, which should not be confused with the photon travel time (t) in an expanding universe. For the purpose of performing χ-squared tests in the high RS range of t S ×10 -14 = 6000 to 11000 between the potential best fit and the t S /z data calculated on the basis of the ΛCDM model we included 41 equidistant t S /z data points in addition to the observed data.
The dimension of H 0 for the exponential function is expressed by the energy loss with time and it has the dimension Hz·s Excel, Excel Solver and WinSTAT [12] software were used for the data fitting, refinement, and analysis and data presentation.
Results
The potential best fit curve of the 280 observed z/μ data points is shown in Figure 1 .
Four outliers with standard deviation > 3σ were identified in the z/μ data set and omitted from further regression analysis.
Results are shown in Tables 1 and 2 . It can be seen from Table 2 that the omitted outliers have relatively little influence on the regression coeffi- 
was used. Tables 3-6 show the statistics of the fitting procedure with 276 data points. The goodness of fit indicators between the observed t S /(z + 1) data and the exponential e 2.024x function for z + 1 = 1.0104 to 5.5, 6.5 and 9.1 are summarized in Table 7 . The precise agreement between the measured and calculated data in the range of z + 1 = 1.0104 to 5.5 strongly supports the conclusion that the t S /(z + 1) function is exponential. It seems very likely that the small deviations at z + 1 > 5.5 are due to small systematic errors in distance measurements or to the calibration method at very high RSs. = − are nearly concurrent over the entire range of z, Pchi square = 1, whilst at z > 2 the t S /z data calculated based on the ΛCDM model show clearly a different slope and depart considerably from both, the linear and the exponential functions. The χ-square test indicates statistical significance between the observed t S /μ and the calculated ΛCDM data of P = 0.0173, indicating that from a statistical point of view, the two models are essentially different.
The t S /(z + 1) Data Representation
At RSs z < 0.3 (Figure 4) , the t S /z curves for the potential best fit, the exponential function, and the ΛCDM model can be fitted with the linear function z = 0.000228725 × t S -0.00332331 (R 2 = 0.9989) with good approximation. The linear approximation, however, is deceiving. As can be seen in Figure 3 , that at high RSs, the best-fit and the exponential curves follow strictly the exponential energy depletion relationship.
Conclusions
The most impressive result of the Hubble diagram test is In contrast, in the RS range z > 2 the t S /z curve derived from the ΛCDM model with H 0 = 72.6 km·s -1 ·Mpc -1 , Ω M = 0.266, Ω Λ = 0.732 and k = 0, shows poor agreement with the observed data. The χ-square test indicates statistical significance between the observational potential fit and the calculated ΛCDM data of P = 0.0173, indicating that from a statistical point of view the two models are essentially different.
Based on the results presented in this paper, a reconsideration of the ΛCDM model appears warranted.
